Reactivities of tyrosine, histidine, tryptophan, and methionine in radical pair formation in flavin triplet induced protein nuclear magnetic polarization.
In order to check the validity of several basic assumptions of protein photochemically induced nuclear polarization (protein photo-CIDNP), we have investigated the quenching processes of the dye triplets by the side chains of tyrosine, histidine, and tryptophan in a variety of molecular systems and environments. The quenching (H atom or electron transfer) is the generating process of the triplet electron-spin-correlated radical pair, the evolution of which gives rise to nuclear polarization. At pH 7 the quenching of 10-(carboxyethyl)flavin triplets by tyrosine and tryptophan is almost diffusion controlled. Quenching by histidine is slower. We have also investigated the slow quenching (by electron transfer) by the side chains of methionine and could show that quenching by cysteine S derivatives is negligible. Quenching by tyrosine and histidine peptides and by the tyrosines of the pancreatic trypsin inhibitor protein is slightly slower than by free side chains. Quenching is strongly viscosity controlled, to be expected of a process requiring bimolecular contact. Reactivity trends at high viscosities resemble those observed in fluid aqueous solutions. Activation energies of quenching by tyrosine, tryptophan, and histidine are similar. No difference could be detected in the mechanism of quenching by these side chains. No fast static quenching was observed that could compete with the diffusional process.